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ABSTRACT

Objective: To investigate whether drug
concentrations of venlafaxine and its metabolite
O-desmethylvenlafaxine in plasma can be
considered as a surrogate marker of concentrations
in brain/cerebrospinal fluid (CSF).

Method: For therapeutic drug monitoring
purposes, plasma and CSF concentrations of
venlafaxine and O-desmethylvenlafaxine were
measured between November 2011 and August
2013 in 16 depressive inpatients (ICD-10 diagnoses)
who were treated with daily doses of venlafaxine
extended release (dose range, 75-225 mq).

Daily doses were correlated with plasma and
CSF levels. The correlation between venlafaxine,
O-desmethylvenlafaxine, and the active moiety
(AM) in plasma and CSF was calculated.

Results: Venlafaxine in plasma

(P=.005) and CSF (P=.023) correlated

significantly with the daily dose, while
O-desmethylvenlafaxine and the active moiety

(AM =venlafaxine + O-desmethylvenlafaxine)

did not. The correlation between venlafaxine,
O-desmethylvenlafaxine, and the AM in plasma and
CSF was highly significant (P<.001). The calculated
CSF/plasma ratio was 0.74 for venlafaxine, 0.88 for
O-desmethylvenlafaxine, and 0.84 for the AM.

Conclusions: Venlafaxine and
O-desmethylvenlafaxine were found to penetrate
well into CSF in patients, which indicated good
availability of the drug in the brain, although

the findings on CSF concentrations do not allow
calculation of concentrations at the target structure
within the brain. CSF/plasma ratios for venlafaxine
and its metabolite were high probably due to

low plasma protein binding. The poor correlation
of dose to concentrations in body fluids and the
highly significant correlation of plasma to CSF
concentrations indicate that plasma concentration
is a much better marker of drug concentration in
brain than the dose.
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D rugs for the treatment of psychiatric diseases such as depression
or psychosis are far from being ideal. One limitation is the poor
blood-brain barrier penetration. Effective drugs must be able to penetrate
the blood-brain barrier to reach their site of action within the brain. The
response to psychotropic drugs is determined by the interplay of different
gene products that influence pharmacokinetics and pharmacodynamics:
drug-metabolizing enzymes, drug transporters, drug targets, and gene-
products that are involved in post-target events."> However, the exchange
of compounds between blood and brain occurs not only at the blood-brain
barrier, but also at the blood-cerebrospinal fluid barrier (BCSFB), which
plays an important role as well. The barrier function is mainly a result of
the functionality of the cerebral endothelial cells and choroidal epithelial
cells in the choroid plexus. These cell types have restricted permeability
due to the presence of tight junctions,’ and the concentration of a drug
within the cerebrospinal fluid (CSF) primarily depends on how easy it
can cross the BCSFB. Additionally, different transport mechanisms are
available that control the exchange of compounds across the blood-brain
barrier.*® The permeability itself depends on factors such as lipophilicity,
molecular size, and plasma protein binding.*”

Pharmacologic strategies to modify drugs to make them more lipophilic
(eg, by replacing hydrophilic side groups with hydrophobic groups or by
masking them with hydrophobic groups) have not been successful as
these lipidized drugs distribute widely and become substrates for efflux
mechanisms such as P-glycoprotein.® Brain-to-blood transfer mechanisms
are an important defense for the brain but a great impediment for drug
entry. By restricting the entry into the CNS for a large number of drugs,
P-glycoprotein remains a selective gatekeeper of the blood-brain barrier
and thus a primary obstacle to drug delivery into the brain, contributes to
the poor success rate of CNS drug candidates, and probably causes patient-
to-patient variability in response to CNS pharmacotherapy.’

The blood-brain barrier and the BCSFB have a comparable functional
organization with regard to the transport of molecules: they express
various proteins in their membranes that either use carrier-mediated
transcellular transport of solutes, maintaining optimal composition of the
brain interstitial fluid, or use ATP-driven efflux of lipophilic molecules.'®
Transport of solutes can be mediated by a superfamily of solute carriers
(SLC), or ATP-binding cassette proteins directly couple efflux transport
of molecules from a lipid bilayer.!!

In order to ensure personalized psychopharmacotherapy, therapeutic
drug monitoring, ie, the quantification of serum or plasma concentrations
of medications for dose optimization, has proven a valuable tool.!> The
clinical response to antidepressant drugs is known to depend on both
plasma concentrations and concentrations at their target structures within
the brain, and it is assumed that the concentration of a drug in CSF is an
estimate of its blood-brain barrier permeability' thereby reflecting the
clinical response to an antidepressant treatment.!* Concentration values
in CSF are used as surrogates for the unbound brain concentration of a
drug in the interstitial fluid in the brain and therefore available for drug
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targets.!>!® However, the concentration of a drug in CSF
more likely reflects its entry across the choroid plexus and
the cerebrovascular route,® but the clinical impact of CSF
penetration remains unclear.

Venlafaxine extended release (XR) is a selective serotonin-
and norepinephrine-reuptake inhibitor with antidepressant
and anxiolytic properties. Venlafaxine XR is an extended-
release capsule for oral administration that contains
venlafaxine hydrochloride. Its molecular weight is 313.87
g/mol. Venlafaxine is metabolized by CYP isoenzymes,
principally by CYP2D6 to O-desmethylvenlafaxine, its
major active metabolite, but also by CYP2C19, CYP3A4,
and CYP2C9. Likewise, venlafaxine is a relatively weak
inhibitor of CYP2D6. The degree of binding of venlafaxine
to human plasma is 27%+2% and 30% +12% for
O-desmethylvenlafaxine.!”

The aim of the present study was to investigate the
relationship between applied daily doses of venlafaxine
XR and plasma as well as CSF concentrations of the
parent compound venlafaxine and its active metabolite
O-desmethylvenlafaxine in patients with depressive
disorders under naturalistic conditions. Furthermore,
the correlation between the measured plasma levels of
both venlafaxine and O-desmethylvenlafaxine and CSF
concentrations were calculated to account for the BCSFB
penetration.

METHOD

Patients

This naturalistic observational study was carried out
between November 2011 and August 2013 at the Department
of Psychiatry, Psychotherapy, and Psychosomatics and the
Department of Neurology at the University Hospital of
RWTH Aachen University, Aachen, Germany. The local
ethics committee approved the study protocol.

Sixteen patients of both sexes (10 women, 6 men),
ranging in age from 35 to 81 years (mean age =60.88 +16.20),
diagnosed with a major depressive disorder, single episode
or recurrent (ICD-10 criteria), that were on a stable therapy
with venlafaxine XR with fixed daily doses for at least 7 days
(daily doses between 75 and 225 mg, mean =152.34+67.73
mg/d), were included in the study. Patients underwent
lumbar puncture during diagnostic workup to rule out an
organic cause of the symptoms such as cognitive decline
or to verify somatic symptoms such as sensory symptoms
or deficits and not for the purpose of this study. All
subjects underwent an extensive physical and laboratory
check-up, including hematology, clinical chemistry,
and electrocardiogram as part of the diagnostic routine
program. Due to the observational character of the study,
therapeutic drug monitoring was done in the remnants of
CSF and plasma.

Only subjects with normal CSF status were included
within the study, using the following criteria: no pleocytosis;
no intrathecal IgG, IgM, or IgA synthesis according to the
Reiber quotient charts'®; no detection of oligoclonal bands;
and no blood contamination at all.
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® During antidepressant treatment with venlafaxine,
concentrations of the parent compound and its main
metabolite O-desmethylvenlafaxine in cerebrospinal fluid
(CSF) are relatively high compared to other psychotropic
drugs, reaching 70%—90% of the concentrations obtained
in plasma.

= (oncentrations of venlafaxine and O-desmethylvenlafaxine
in plasma rather than daily doses represent excellent indices
for concentrations in CSF.

= Plasma concentrations of venlafaxine and
O-desmethylvenlafaxine constitute biomarkers for CNS drug
concentrations during antidepressant treatment.

Method

For application of the method to the analysis of plasma
or serum, blood samples were taken from patients who were
on a stable dose of venlafaxine XR for at least 7 days. Lumbar
puncture was done to exclude conditions of acute infection,
such as pleocytosis and elevated intrathecal albumin levels
(elevated albumin quotient) as a sign of disturbances in
BCSFB, and chronic infection, such as intrathecal synthesis
of immunoglobulins (oligoclonal bands), as part of clinical
routine without focusing on trough levels of the ingested
drug. Blood was taken at the same time as lumbar puncture
and was done primarily for the assessment of an intrathecal
immunoglobulin synthesis to exclude a barrier dysfunction.
Serum or plasma was prepared by centrifugation of
blood samples at 5,000 rpm for 10 minutes and, if not
assayed on the same day, stored at —-32°C. Venlafaxine and
O-desmethylvenlafaxine levels were determined by using
high-performance liquid chromatography for simultaneous
determination of venlafaxine and O-desmethylvenlafaxine
as described previously.'*?° The lower limit of quantification
was 10 ng/mL for both analytes, venlafaxine and
O-desmethylvenlafaxine.

Statistical Analysis

To account for the range of doses of venlafaxine
received by the patients, we first divided plasma levels
of venlafaxine + O-desmethylvenlafaxine (active moiety
[AM]) by the applied venlafaxine dose, resulting in a
venlafaxine + O-desmethylvenlafaxine plasma level-by-
dose ratio. Additionally, the penetration ratio into CSF for
venlafaxine, O-desmethylvenlafaxine, and the AM were
calculated. For this purpose, the levels of venlafaxine,
O-desmethylvenlafaxine, and the AM in CSF were divided
by their levels in plasma, reflecting the ratio of the particular
compound that penetrated into CSE.

Correlations were computed to assess the relation between
the level of drug concentration in plasma and CSE, as well as
the relation of these concentrations with the daily dosage of
venlafaxine. All variables of drug concentration were tested
for normality of distribution using the Kolmogorov-Smirnov
test. Pearson correlation was used in case of normally
distributed data and Spearman correlation in case of non-
normally distributed data.
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Table 1. Patients’ Characteristics; Diagnosis; Daily Doses of Venlafaxine XR; Plasma and Cerebrospinal Fluid (CSF)
Levels for Venlafaxine (VEN), O-Desmethylvenlafaxine (ODV), and Active Moiety (AM); and CSF/Plasma Ratio

(level-by-dose ratio; LDR)

Dosage of VEN ODV AM LDR VEN ODV AM LDR
Venlafaxine Plasma  Plasma  Plasma  Plasma CSF CSF CSF CSF

Patient Gender Age,y Diagnosis® XR [mg] [ng/mL] [ng/mL] [ng/mL] [ng/mL] [ng/mL] [ng/mL] [ng/mL] [ng/mL]
1 f 74 F32.1 150 155 503 658 4.39 81 347 428 2.85
2 f 35 F33.4 225 332 141 473 2.10 204 929 303 1.35
3 f 48 F32.1 225 91 271 362 1.61 55 190 245 1.09
4 f 66 F33.2 187,5 123 252 375 2.00 61 170 231 1.23
5 f 75 F33.4 225 216 456 672 2.99 80 380 460 2.04
6 m 70 F32.2 225 530 145 675 3.00 394 129 523 2.32
7 m 74 F33.1 75 63 66 129 1.72 56 103 159 2.12
8 m 62 F33.1 75 47 96 143 1.91 11 47 58 0.77
9 m 42 F33.1 225 252 94 346 1.54 151 75 226 1.00
10 f 76 F33.1 150 398 177 575 3.83 507 204 711 4.74
11 f 42 F33.1 225 166 19 185 0.82 321 26 347 1.54
12 f 79 F32.1 75 151 356 507 6.76 83 284 367 4.89
13 f 46 F32.1 75 20 102 122 1.63 15 81 96 1.28
14 m 38 F32.1 75 20 78 98 1.31 20 82 102 1.36
15 f 81 F32.2 75 149 309 458 6.11 79 189 268 3.57
16 m 66 F33.1 150 27 93 120 0.80 21 88 109 0.73

*Diagnoses: F32.1=moderate depressive episode; F32.2 = severe depressive episode without psychotic symptoms; F33.1=recurrent
depressive disorder, current episode moderate; F33.2 =recurrent depressive disorder, current episode severe without psychotic symptoms;

F33.4=recurrent depressive disorder, currently in remission.
Abbreviations: f=female; m=male.

All statistical analyses were conducted with SPSS (version
20, IBM, Armonk, New York).

RESULTS

The data on daily doses and plasma and CSF
concentrations of venlafaxine and its active metabolite
O-desmethylvenlafaxine are displayed in Table 1. Venlafaxine
was applied in a mean daily dosage of 152.34 mg+67.73 mg
(range, 75-225 mg). Since the dose was not normally distrib-
uted, Spearman correlation was used. With the exception of
one patient (patient 14, AM: 98 ng/mL), all patients showed
sufficient plasma levels within the recommended therapeutic
reference range of 100-400 ng/mL'? or above. The rela-
tively high ratios of venlafaxine > O-desmethylvenlafaxine
(mean =1.52, SD =2.20; range, 0.20-8.74) might be explained
by the time of sample collection. In most of the cases, analyses
were done some hours after the intake of the medication and
not around trough level time points. However, by analyzing
patients 2, 6,9, 10, and 11 (see Table 1) in the course of their
treatment (detached from the study), more than 1 measured
trough level of venlafaxine for patient 2 with a ratio below 1
suggests that she might be phenotypically an extensive metab-
olizer for cytochrome P450 (CYP) 2D6.!?! Different trough
levels for patients 6, 9, 10, and 11 with a ratio of venlafaxine/
O-desmethylvenlafaxine above 1 suggest that these patients
might phenotypically be intermediate metabolizers or less
likely poor metabolizers.!”*? Due to the observational
approach of the study, the patients were not genotyped for
CYP 2D6. Plasma levels of venlafaxine ranged from 20.00
to 530.00 ng/mL (mean=171.25 ng/mL, SD = 145.64 ng/mL)
and O-desmethylvenlafaxine ranged from 19.00 to 503.00 ng/
mL (mean=197.38 ng/mL, SD =145.36 ng/mL). The AM in

27 s PSYCHIATRIST.COM

plasma was on average 368.63 ng/mL (SD=214.29 ng/mL;
range, 98.00-675.00 ng/mL). A significant correlation of
the daily venlafaxine dose and the venlafaxine plasma level
could be observed (r=0.659, P=.005). In addition, a trend
was seen for the correlation of the concentration of the
AM with the oral venlafaxine dose, but this effect failed to
reach significance (plasma: r=0.433, r*=0.187, P=.094; see
Figure 1). Concentrations of O-desmethylvenlafaxine were
not significantly correlated to the daily dose of venlafaxine.
The mean level by dose ratio for the AM in plasma was 2.66
(SD=1.78).

CSF levels of venlafaxine ranged from 11.00 to 507.00
ng/mL (mean=133.69 ng/mL, SD 148.54 ng/mL), and
O-desmethylvenlafaxine ranged from 26.00 to 380.00 ng/
mL (mean=155.88 ng/mL, SD=105.08 ng/mL). The AM
in CSF ranged from 58.00-711.00 ng/mL (mean=289.56
ng/mL, SD=178.07 ng/mL). The mean level by dose ratio
for the AM in CSF was 2.06 (SD=1.32).

The level of venlafaxine in CSF showed a significant
correlation to the daily dose of venlafaxine (r=0.562,
r?=0.316, P=.023). However, no correlation of CSF levels
of O-desmethylvenlafaxine with the daily dose of venlafaxine
could be observed. A trend of a correlation of the AM in
CSF with the dose of venlafaxine was detected (r=0.480,
r*=0.230, P=.060; see Figure 1).

Both the AM as well as the single parameters in plasma
and CSF showed strong correlations (AM plasma and CSF:
r=0.835, r*=0.697, P<.001; venlafaxine plasma and CSF:
r=0.848,?=0.719, P<.001; O-desmethylvenlafaxine plasma
and CSF: r=0.960, r*=0.922, P<.001; Pearson correlation).
Nevertheless, the differences between the concentrations in
plasma and CSF were significant for O-desmethylvenlafaxine
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Figure 1. Only Trends Could Be Observed for the Correlations of the Daily Dosage of Venlafaxine XR and the Active Moiety in
(A) Plasma (r=0.433, P=.094) and (B) Cerebrospinal Fluid (CSF; r=0.480, P=.060)
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Figure 2. Correlations of Active Moiety (venlafaxine +
O-desmethylvenlafaxine) in Plasma vs
Cerebrospinal Fluid (CSF)
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(t;5=3.106; P=.007) and the AM (t,5=2.685; P=.017) with
higher levels of concentration in plasma. For the concentration
of venlafaxine, a similar trend could be observed, but this did
not reach statistical significance (#,5=1.855; P=.083).

The CSF/plasma ratio for venlafaxine varied from 0.23 to
1.93 (mean=0.74, SD=0.40); for O-desmethylvenlafaxine,
it ranged from 0.48 to 1.56 (mean =0.88, SD =0.28), and for
the AM, it varied from 0.40 to 1.87 (mean=0.84, SD=0.35;
Figure 2).
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DISCUSSION

Only some studies with small numbers of participants
addressed the question as to what extent plasma
concentrations of psychotropic drugs correlate with CSF
levels. Knowledge is lacking concerning the impact of CSF
drug levels on clinical outcome or on (cellular) homeostasis
within CSE?* For citalopram, CSF/plasma ratios were found
to be 52% * 9%; and for escitalopram, ratios were 48% + 6%.%*
For doxepin and its active metabolite, nordoxepin, significant
correlations suggest a constant CSF permeability.?
Quetiapine and norquetiapine were found with a CSF/
plasma ratio of only 3% +2% for quetiapine and 2% +2%
for norquetiapine.?® CSF concentrations of olanzapine and
desmethylolanzapine were 12% and 16%, respectively, of
those in serum.?’

Although some studies addressed the distribution pattern
between plasma and CSF for different psychotropic drugs, data
for venlafaxine and its metabolite O-desmethylvenlafaxine
are missing. Therefore, this observational study is the first
investigation of the distribution pattern of venlafaxine and
its active metabolite O-desmethylvenlafaxine in plasma and
CSE Lumbar puncture and blood investigation were done
for medical reasons unrelated to this study under stable daily
doses of venlafaxine. Furthermore, the correlation between
the measured plasma levels and CSF levels were calculated
as an expression of the CSF penetration of venlafaxine and
O-desmethylvenlafaxine.

Wefoundahighlysignificantcorrelation between daily doses
of venlafaxine and the concentration of venlafaxine in plasma
and CSE O-desmethylvenlafaxine did not show a significant
correlation to the daily dose, and only a poor correlation
between the AM (venlafaxine + O-desmethylvenlafaxine)
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and the daily dose of venlafaxine was found. Both com-
pounds, venlafaxine + O-desmethylvenlafaxine, obviously
make slightly different contributions to the antidepressant
effect of venlafaxine in that higher plasma levels of
O-desmethylvenlafaxine in extensive metabolizers are
associated with a better clinical outcome.?! Hence, the
observation of poor correlations between daily dosage,
O-desmethylvenlafaxine, and the AM underscores that
the measuring of plasma levels using therapeutic drug
monitoring is more effective than (only) dose titration in
order to achieve clinical efficacy. According to findings from
positron emission tomography (PET) by Meyer et al,?® it can
be assumed that all patients in our study had sufficiently
high venlafaxine and O-desmethylvenlafaxine plasma levels
to achieve antidepressant effects by occupying more than
80% of the SERT transporters.

We also found a strong and highly significant correlation
between plasma and CSF concentrations of venlafaxine,
O-desmethylvenlafaxine, and the AM in all of our patients
that were in a stable psychopathological condition with a
response or remission of a depressive episode under the
ongoing antidepressant treatment. The CSF/plasma ratio for
venlafaxine was found to be 0.74; for O-desmethylvenlafaxine,
0.88; and for the AM, 0.84. The significant correlation
between and the high values for the ratios indicates a constant
permeability for both compounds into CSE These levels seem
to be extraordinarily high, and comparable ratios for other
psychotropic drugs have not been published so far.?*2%-26:29:30
Our observation may be explained by the low plasma protein
binding of venlafaxine and O-desmethylvenlafaxine.

Besides the fact that this good CSF/plasma correlation
indicates that the BCSFB is highly permeable for venlafaxine
and O-desmethylvenlafaxine, both compounds obviously
do not undergo rapid elimination out of the CSF by
(active) transport mechanisms. As none of the patients
was a nonresponder in the sense of missing efficacy against
depressive symptoms, it might be assumed that the high
concentrations of the active compounds correlate with
sufficient levels of both compounds at their target structures
within the brain.

Since cell boundary structures such as the blood-brain
barrier and the BCSFB are generally obstacles in the way
of psychotropic drugs reaching their target structures,
and only the free drug concentration is found in CSE,
the plasma protein binding plays an important role. The
plasma protein binding is low for venlafaxine (27%) and
for O-desmethylvenlafaxine (30%). However, venlafaxine—
like other psychotropic drugs, in particular antidepressant
drugs—shows a variable and unpredictable therapeutic
efficacy. The question arises whether drug concentrations
in plasma can be considered as a valid surrogate marker of
concentrations in brain/CSF following the hypothesis that
the clinical response to antidepressant drugs correlates to
their concentration in CSE!43!

Our results are in-line with recent studies by Nikisch et al*®
who compared plasma and CSF concentrations of quetiapine
and showed that the CSF concentrations of the antipsychotic
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drug quetiapine and its metabolite norquetiapine correlate
with those in plasma of schizophrenic patients. However, in
case of quetiapine and its metabolite norquetiapine, the CSF/
plasma ratio reached only about 3% and 2%, respectively.?®
Nonetheless, the levels of both quetiapine and norquetiapine
in serum and CSF correlated significantly with treatment
response in terms of a decrease in the PANSS. In an earlier
study, Nikisch et al had reported higher CSF/plasma
ratios for citalopram?* although plasma protein binding of
citalopram is high (50%-80%) in comparison to venlafaxine
and O-desmethylvenlafaxine.*> Schomburg et al*® reported
CSF concentrations for doxepin and nordoxepin of 11% of
the plasma concentration in accordance with the assumption
that the CSF concentration reflects the unbound fraction of
the drug.

These results, taken together, indicate that CSF sampling
is of high clinical value. It is the only generally applicable
method to obtain information on free drug concentrations
in individual human brains. Since the ultimate interest is
in the free drug concentration at the CNS target site, the
question is what CSF concentrations may tell us in that
respect.®® To interpret CSF drug levels as an indicator of
adequate transport of a drug into the CNS, it is necessary
to investigate the regulation of drug distribution between
the brain and CSE* For obvious reasons, available data on
relationships between drug concentrations in CSF and brain
extracellular fluid (ECF) in humans are extremely rare. They
were obtained in only 1 study intraoperatively from patients
with intractable epilepsy.** In that study, carbamazepine,
10-hydroxy-carbazepine (10-OH-CZ, the active metabolite
of oxcarbazepine), lamotrigine, and levetiracetam were
investigated. It was found that CSF concentrations were
significantly higher than corresponding brain ECF
concentrations. This ratio was ~2.5 for carbamazepine,
~3.5 for both 10-OH-CZ and levetiracetam, and ~4.0 for
lamotrigine. In order to be able to more accurately predict
human brain ECF concentrations, our understanding of
CNS complexity in terms of intrabrain pharmacokinetic
relationships, brain distribution, and the influence of CNS
disorders needs to be improved.

Finally, it is important to notice that venlafaxine is chiral.
It is known that the different enantiomers display different
pharmacodynamic profiles in inhibiting presynaptic
reuptake at different target structures. R(-)-venlafaxine
inhibits norepinephrine and serotonin reuptake; S(+)-
venlafaxine primarily inhibits serotonin reuptake.”> A
difference in the distribution of the enantiomers according to
CYP2D6 metabolizer status®® might be of importance when
interpreting the results; however, a chiral analysis has not
been performed in our study. An enantioselective analysis of
venlafaxine and its metabolites could, in this regard, assist in
the interpretation of the distribution pattern between plasma
and CSE

CONCLUSIONS

In the clinical setting, drug concentrations in CSF are
sometimes used as a surrogate for drug concentrations at
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the target site within the brain. However, the brain consists
of multiple compartments, and many factors are involved
in the transport of drugs from plasma into the brain and
the distribution within the brain. In particular, active
transport processes at the level of the blood-brain barrier
and BCSEB, such as those mediated by P-glycoprotein, lead
to complex relationships between concentrations in plasma,
ventricular and lumbar CSE and other brain compartments.
In our study, we found very high levels of venlafaxine and
O-desmethylvenlafaxine suggesting a high permeability for
both compounds into CSE. However, the question arises
whether the clinical outcome of antidepressant treatment
is necessarily attached to high CSF levels of antidepressant
drugs. Only the correlation between the clinical outcome and
CSF levels of psychotropic drugs could provide information
about the value of measured CSF levels. Without this
clinically important information, CSF concentrations of
psychotropic drugs may be difficult to interpret and may
have limited value. As a next step, further information about
CSF concentrations of antidepressant drugs and predictors
of antidepressant treatment, such as proinflammatory
cytokines, could be helpful to understand the interplay on
a molecular basis.

Limitations

High concentrations of venlafaxine and O-desmethyl-
venlafaxine in CSF indicate good availability of the drug in
the brain. The findings, however, do not allow conclusions
to be drawn on concentrations that can be expected at the
target structure within the brain.

Drug names: carbamazepine (Carbatrol, Equetro, and others), citalopram
(Celexa and others), doxepin (Silenor, and others), escitalopram (Lexapro
and others), lamotrigine (Lamictal and others), levetiracetam (Keppra

and others), olanzapine (Zyprexa), oxcarbazepine (Trileptal and others),
quetiapine (Seroquel), venlafaxine (Effexor and others).
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